Purpose The purposes of this study were to apply a bifactor model for the determination of test dimensionality and a multidimensional CAT using computer simulations of real data for the assessment of a new global physical health measure for children with cerebral palsy (CP). Methods Parent respondents of 306 children with cerebral palsy were recruited from four pediatric rehabilitation hospitals and outpatient clinics. We compared confirmatory factor analysis results across four models: (1) one-factor unidimensional; (2) two-factor multidimensional (MIRT); (3) bi-factor MIRT with fixed slopes; and (4) bi-factor MIRT with varied slopes. We tested whether the general and content (fatigue and pain) person score estimates could discriminate across severity and types of CP, and whether score estimates from a simulated CAT were similar to estimates based on the total item bank, and whether they correlated as expected with external measures. Results Confirmatory factor analysis suggested separate pain and fatigue sub-factors; all 37 items were retained in the analyses. From the bi-factor MIRT model with fixed slopes, the full item bank scores discriminated across levels of severity and types of CP, and compared favorably to external instruments. CAT scores based on 10-and 15-item versions accurately captured the global physical health scores. Conclusions The bi-factor MIRT CAT application, especially the 10-and 15-item versions, yielded accurate global physical health scores that discriminated across known severity groups and types of CP, and correlated as expected with concurrent measures. The CATs have potential for collecting complex data on the physical health of children with CP in an efficient manner.
Introduction
Cerebral palsy (CP) is the most common physical disability in children and, though non-progressive in nature, this disorder of movement and posture is characterized by physical impairments that impede function and health.
Physical impairments most often associated with cerebral palsy include muscle weakness and spasticity, leading to joint stiffness and contractures. Children with CP also frequently have associated learning, vision, communication, and seizure disorders. General physical health conditions such as pain [1] [2] [3] [4] [5] [6] and fatigue [2, 6, 7] impact the quality of life of children with CP [2, 4, 8, 9] .
Using parents as proxies is a common method for obtaining information on health status and function for very young children and children with intellectual impairments [10] . Several parent-report health-related quality of life and functional outcome measures used for children with CP include questions about pain [6, 9, 11, 12] . These instruments collectively contain a wide variety of pain items, yet each individual scale includes only a limited number of questions to assess the impact of pain on general physical health and well-being.
Also, children with CP often exhibit reduced muscular and cardiopulmonary endurance which can lead to fatigue [7] . For children with CP who are ambulatory, increased energy expenditure is needed for ambulation when compared to children without CP [13] . Most current healthrelated quality of life measures for children with CP do not include questions about the frequency, cause, or impact of fatigue on daily activities. The PedsQL [6] is a notable exception, but is limited to only four fatigue items.
Spasticity, an exaggeration of the tonic stretch reflex resulting in muscle hypertonicity, causes joint and body stiffness and is one of the characteristic physical impairments in CP. Medical, surgical, pharmaceutical, and rehabilitation interventions are often directed at minimizing spasticity to prevent secondary conditions, improve the ease of care-giving, and enhance functional performance. The amount of spasticity itself is often measured by clinicians, but less effort has been directed toward obtaining parents' estimates of the impact of stiffness (resulting from spasticity) on daily routines.
Due to the multidimensionality of many health concepts, such as physical health, questionnaires have the potential to become very long and burdensome if all the dimensions are covered in one test battery [14] . To avoid being too burdensome, most surveys severely restrict the number of items to be administered. To circumvent questionnaires that are too extensive and unwieldy for children, computerized adaptive testing (CAT) is increasingly been proposed for use in routine functional and health-related quality of life (HRQoL) assessments in pediatric rehabilitation [15] and appears to be the new trend of future patient-(parent and child) reported outcome assessments [16] [17] [18] [19] . CAT employs a simple form of artificial intelligence that selects questions tailored or matched to the patient, shortens or lengthens the test to achieve the desired level of score precision, and provides score estimates, regardless of the particular number of items administered, on a standard metric. Only enough items are administered in order to satisfy pre-set precision rules, or alternatively, a maximum number of items are determined in advance. CAT platforms require the development of a comprehensive and calibrated set of items (item banks) that define each underlying dimension [20] .
However, CAT applications require relatively strict adherence to the unidimensionality assumption of item response theory (IRT) analyses. IRT methods are used to estimate the position of items along the latent trait and then CAT software algorithms select items to match the child's ability level on that trait [21] . When IRT assumptions are met, score estimates do not strictly depend on a particular fixed set of items. This scaling feature allows one to compare children along a latent trait even if they have not completed the identical set of items. Since items and score estimates are defined on the same scale, items can be optimally selected to provide good score estimates of each level of the scale. This feature of IRT creates important flexibility in administering tests in a dynamic and tailored approach for each child.
The IRT unidimensionality assumption can be difficult to meet, as many of the quality of life dimensions are not strictly unidimensional. When a set of items includes more than one latent trait or dimension, we may consider multidimensional IRT (MIRT) as an option. There are two kinds of MIRT models. In the compensatory MIRT model, the deficiency in one trait can be offset by an increase in other abilities, whereas in the non-compensatory MIRT model, the deficiency in one trait cannot be completely offset by an increase in others [22] . In MIRT models, we can often more fully understand the underlying structure behind the response pattern than with a single unidimensional model. In a CAT application, the MIRT model has been shown to be more efficient in estimating person scores [23] .
If data are truly multidimensional, then a bi-factor model using a (MIRT) model for CAT development is a potential approach to analyses and application. Bi-factor models allow each item to have a positive loading on a general factor that is thought to be the most important trait that underlies the item bank. Each item can then load on a specific content factor, from which sub-scores can be derived [24] . Reise [24] recently discussed both the merits and limitations of using a bi-factor model in health surveys. Under conditions in which two dimensions are at least moderately correlated, and items are loaded on both a general factor and specific content factors, a bi-factor model may be more appropriate than a unidimensional model, especially when factor loadings are higher on the sub-factor than the general factor [25] . However, the complexity of the MIRT model may limit its applicability and, although it is robust, it needs adequate sample sizes to get fair parameter estimation.
Our first aim was to compare the confirmatory factor analysis results of unidimensional, two-factor, and MIRT bi-factor models (varied and fixed discrimination) using items from a new global physical health scale developed for children with CP. The global physical health scale included fatigue, pain, and joint stiffness items. Our second aim was to generate estimated general and content-specific scores from one of the models to determine whether the estimated child scores discriminated across levels of severity and types of CP, and how the scores compared to external instruments. A third aim was to develop simulated CATs to determine the accuracy of CAT general factor and content sub-scores compared to those scores from the full item bank.
Materials and methods

Sample
We collected parent-report data on a convenience sample of 306 children with CP. Inclusion criteria were children with a known diagnosis of CP, ages 2-20 years, and parents with fluency in English. Also, children were excluded if they had received surgical or pharmacological interventions within the past 6 months. Data were collected across three Shriners Hospital for Children (SHC) orthopedic facilities in Philadelphia, PA, Montreal and Springfield, MA, and at Franciscan Hospital for Children (FHC), Boston, MA.
The mean age of the sample was 10.8 years (SD 4.0). Demographic characteristics of the sample are presented in Table 1 . Our sample is not strictly representative of population data reported elsewhere [26] , as we have underrepresented children with more severe gross motor disabilities. Since two of the three SHC sites were motion laboratory-based sites, it was easiest at those sites to recruit ambulatory participants; in some cases, few non-ambulatory patients were seen. Human subject approval was obtained at each participating clinical institution and the Boston University Institutional Review Board.
Global physical health item bank construction
Following a thorough literature search, more than 50 adult and pediatrics measures of quality of life, function, general health, pain, and fatigue were compiled and reviewed to assess existing items in these areas to construct a comprehensive item bank. The construction of the item bank has been previously described [27] . The original global physical health item pool included 55 items that sampled the child's joint stiffness, pain, fatigue, and drooling. The final item pool, consisting of 37 items, was determined based on expert judgment of clinicians and researchers at SHC and FHC, results of cognitive testing [28] , and an attempt to provide a comprehensive set of items with a consistent response scale that would span across different physical ability levels and ages.
Data collection procedures
Global physical health items were administered to parents using a stand-alone PC-based tablet, in which parents reported on their child's physical health. Items were presented in a fixed order with no feedback between items. For a small number of parents (n = 11), an internet version was made available because of the lack of feasibility of completing the survey in the clinic setting. Trained therapy and research staff were available to answer any questions regarding the study protocol or the interpretation of items, either in person or by phone. This study was part of a larger data collection effort in which item banks for three other scales (physical activity, lower extremity/movement skills, and upper extremity skills) were also administered to parents at the same time. To minimize response fatigue for any one set of calibration items, the order of item banks was counterbalanced. Demographic information (ethnicity, sex, age, type of CP) was collected for each child. Severity of CP was initially rated by the parents and then confirmed by the research staff using the Gross Motor Function Classification System (GMFCS) [29] , which rates children on a 5-point scale based primarily on ambulatory ability. In the GMFCS, the smaller number rating reflects better function. Type of CP (diplegia, hemiplegia, and quadriplegia) was also initially rated by the parents and then confirmed by the research and therapy staff.
Validity measures
To serve as concurrent validity comparisons, the Pediatric Outcomes Data Collection Instrument (PODCI) [30] and the PedsQL TM Cerebral Palsy Module Version 3.0 (Peds-QL-CP) [6] were also completed by parents. Within the calibration study, we recruited a convenience sample of 204 children whose parents completed the PODCI and 89 children whose parents completed the PedsQL-CP. The PODCI was developed specifically to assess changes following pediatric orthopedic interventions for a broad range of diagnoses, including children with CP. The PODCI is a standard outcome measure used routinely at the SHC. The PODCI covers a broad range of dimensions: upper extremity function, transfers and mobility, physical function and sports, comfort (lack of pain), happiness, satisfaction, and expectations. The most similar dimension to the new general health score and the content sub-scores was the PODCI comfort/pain subscale. This subscale includes three questions about amount of pain/discomfort and whether pain interferes with daily activities. The PedsQL-CP was designed to measure health-related quality of life specifically in children with cerebral palsy. There are parent versions for toddlers (2-4 years), young children (5-7 years), child (8-12 years), and teens (13-18 years). All age versions were used in this study and combined. The domains include problems with: daily activities, school activities, movement and balance, pain and hurt, fatigue, eating, and speech and communication. Low scores indicate fewer problems and better quality of life. For comparison with the global physical health scores, we used the total PedsQL-CP (35 items), and the pain (4 items) and fatigue (4 items) sub-scores.
Analyses
We conducted the analyses in three phases: (1) using confirmatory factor analysis, we compared the fit indices of a one-factor unidimensional, two-factor MIRT and two bifactor MIRT models (fixed and varied slopes); (2) based on the fit indices and other considerations, we used one of the models to develop item parameters and a general factor and two content (fatigue and pain) person score estimates and tested whether the scores had discriminant and concurrent validity; and (3) conducted a series of computer simulation studies to examine the accuracy of CAT general factor and content sub-scores based to the full item bank scores.
Confirmatory factor analysis
The confirmatory factor analysis, which was based on maximum likelihood estimation, was used to help select the appropriate model. The model comparison was based on a likelihood ratio Chi Square, the number of different parameters estimated, and different information criteria indices: Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and sample-size adjusted BIC, which takes into account the parsimony of the model. Models with lower information values indicate better fit; however, more complex models with more parameters estimated lead to lower information values. See Kass and Wasserman for a full description of these indices [31] . We compared a one-factor model, a two-factor MIRT model, a bi-factor MIRT model with slope parameters fixed, and a MIRT bi-factor model with slope parameters allowed to vary. In the bi-factor model, the hypothesis is that there is a general factor which accounts for the commonality among the items, and multiple group factors which account for the unique influence of each content sub-domain above and beyond the general factor [32] . In a two-factor or multidimensional model, there is no general factor; items can load on one factor or cross-load on multiple factors [33] .
Calculation of person score estimates
Items were calibrated based on the proportional odds logistic regression model, using Mplus software [34] . This model is similar to the Graded Response Model (GRM), as it estimates both item difficulty and discrimination parameters and orders each item category. The model belongs to the family of compensatory models and it can be viewed as the extension of GRM, the category response probabilities can be represented as:
Middle category :
where k ir is the factor loading for ith item rth factor, f r is the factor score for rth factor, s ij is the threshold parameter for ith item. We used this form of the GRM due to practical considerations of its polytomous extension availability within MPlus. The item fit statistics were calculated based on the Z3 index, which is the standardized difference between the observed and expected log likelihood of response patterns. It is a one-sided test, and under the null hypothesis, the z scores are distributed as a normal distribution, and the cutoff is -1.65 [35] . Originally the Z3 index was developed within a unidimensional item response model, but later extended to MIRT applications [36] .
The general factor score was calculated using Bayesian estimation methods to maximize the variance for the general factor and two content sub-scores. In this situation, the subscale scores (pain and fatigue) reflect both the primary factor and the relevant secondary trait. To calculate the subscale scores, the relative weights of the factors contributing to an item response were determined and the subscale score was calculated as a weighted linear composite. The weights were chosen such that the sum of their squares was equal to 1 [37] . The first step was to determine the angle for each item relative to the general factor in each subtest a i ¼ arccos
, where a i is the angle for ith item, k i is the general factor loading, k i1 is the group factor loading. Secondly, we needed to get the average of the angle in each sub scale. Third, the composite scale was calculated ash c ¼ cos " a ð Þh þ sin " a ð Þh s , where " ais the average angle, h and h s is the general factor score and the group factor score [37, 38] . Because group factor (pain and fatigue) was determined by the general factor, so the variation of the group factor was reflected by the variation of the general factor.
Validity of person score estimates
We compared person score estimates from the general factor and the two content sub-scores of the global health scale to the PODCI comfort/pain subscale score and the PedsQL-CP pain and fatigue subscale scores using Pearson correlations. We predicted that general factor score would have a moderate to high correlation with the PedsQL-CP total score; the pain sub-score would have a moderate to high correlation with the PODCI comfort/pain and Peds-QL-CP pain subscale scores, and the fatigue sub-score would have a moderate to high correlation with the Peds-QL-CP fatigue score. We also examined the discriminant validity of the general factor score and content sub-score estimates on the severity of CP using the GMFCS severity levels and the type of CP. We hypothesized that children with more severe CP as indicated by GMFCS levels of IV and V (non-ambulatory levels) would have lower scores on the global health scales, and children with quadriplegia would have more physical health concerns than children with either hemiplegia or diplegia. The ability of the global health scores to discriminate between groups of children based on levels of severity and type of CP was evaluated by comparing average group scores using one-way ANOVA tests with post-hoc (Tukey-Kramer test) comparisons.
CAT simulations
We based the activity CAT algorithms on the HDRI TM software developed at the Health and Disability Research Institute. The score estimation in CAT was based on Bayesian modal estimation, which works to find the mode of the posterior distribution based on the Newton-Raphson procedure. In these simulations, responses to items selected by the CAT software were obtained for cases in the calibration data set and presented to the computer to simulate the conditions of an actual CAT assessment. The item selection rule was based on finding the item that maximized the determinant of the information matrix evaluated at the current score level. In the present study, we developed three CAT scores in the simulations to reflect three item-stopping rules based on number of items completed (CAT-15, CAT-10, and CAT-5) [39] . These simulated scores were compared to the latent trait global physical health scores estimated by the full item bank. We also compared the discriminant validity of the scores from the different CAT versions including the scores developed from the full item bank.
Results
Confirmatory factor analysis
We examined four models that retained all 37 global physical health items. We compared the estimated IRT item discrimination parameters for a one-factor unidimensional model, a two-factor MIRT model with each item loading on only one factor, and two MIRT bi-factor models. We calculated a likelihood ratio Chi Square and three information criteria (AIC, BIC, and sample-size adjusted BIC). In Table 2 , note the differences in the log-likelihood values, information criteria and the number of parameters that are needed to be estimated. Using the differences in the log-likelihood values, we found the two-factor model to have significantly better fit than the one-factor model (Chi Square = 602.59, P \ 0.001), while the varied slope bifactor model fit better than the fixed bi-factor model (Chi Square 618.58, P \ 0.001). There is general favor for choosing model solutions that have higher values of the observations per parameter ratio [40] . Given our current sample size, the fact that the observations per parameter ratio in the bi-factor model with fixed slope is 2.1 as compared to 1.4 in the bi-factor model with varied slopes, we chose to do further analyses with the fixed slope MIRT bi-factor model.
Validity of general factor and content sub-scores
All 37 items were retained in the final item bank. Seven items loaded on the general factor only, while 17 items loaded both on general and fatigue sub-factor, and 13 loaded both on the general and pain sub-factor. Based on the Z3 criteria of \-1.65 for item fit, two items (''how often is your child tired when doing homework?,'' ''how much pain does your child have when wearing braces?'') misfit the model. We chose not to remove those items because of the importance of the content (e.g., over 75% of the sample wore braces). All items with pain content loaded on the general and pain factors. All items with fatigue content loaded on the general and fatigue factors. The rest of the items loaded only on the general factor. See Table 3 for a listing of item loadings, item parameters, and item fit. The correlation of estimated person scores for the general factor and pain factor was 0.81, and the correlation between the general factor and fatigue factor was 0.95; the correlation between the pain and fatigue sub-factors was 0.70. These high correlations were expected due to the fact that each of the content sub-scores were determined by information from both the general factor items and items from each sub-domain. We compared the general factor and content sub-scores from the bi-factor MIRT model with fixed slopes to two discriminant criteria: the GMFCS severity levels, and type of CP. The general factor scores were able to discriminate across GMFCS levels (F 3,299 = 32.82, P \ 0.001); posthoc analyses revealed differences between IV/V and all other levels, and between levels I and II, and I and III. The fatigue sub-score was also able to discriminate across GMFCS levels (F 3,299 = 40.85, P \ 0.001); with the posthoc results the same as with the general factor score. The pain sub-score could also discriminate across GMFCS levels (F 3,299 = 19.13, P \ 0.001); post-hoc analyses revealed that differences could be detected between Levels IV/V and the Levels I, II, and III. These results are summarized in Fig. 1 . We found differences in the general factor scores across types of CP (F 2,300 = 33.78, P \ 0.0001). Post-hoc analyses indicated that the general factor score could discriminate across children with quadriplegia, hemiplegia and diplegia. The fatigue sub-score discriminated across CP types (F 2,300 = 46.24, P \ 0.0001); significant differences were noted between children with hemiplegia, diplegia and quadriplegia, with children with hemiplegia having the least problems with fatigue. The pain scale differentiated among CP types (F 2,300 = 16.86, P \ 0.0001); post-hoc analyses indicated that the pain sub-score could discriminate between children with quadriplegia versus children with either hemiplegia or diplegia (see Fig. 2 ).
We also compared the general factor and content subscores from the bi-factor MIRT model with fixed slopes to two concurrent measures, namely the PODCI and PedsQL-CP. The general factor score (r = 0.54 and the fatigue score (r = 0.46) were correlated moderately with summary scores from the PODCI comfort (pain) scale. As expected, the pain sub-score was correlated with the PODCI comfort (pain) scale (r = 0.63). The general factor score was correlated with the PedsQL-CP total score (r = -0.75). The fatigue sub-score was correlated with the PedsQL-CP fatigue items (r = -0.68) and the pain sub-score was correlated with the PedsQL-CP pain items (r = -0.65). The negative correlations reflect that the higher scores on the PedsQL-CP indicate more problems, while the higher scores on the global physical health scores indicate higher levels of physical health. A full correlation matrix is presented in Table 4 . CAT simulations
As reported in Table 5 , the scores from the 10-and 15-item simulation CAT were quite similar to those for the full item bank score. Even the 5-item CAT scores had fairly high correlations (r = 0.885-0.912) with the item bank scores. Note though that these results are somewhat biased because of the inclusion of items used in the CATs come directly from the item bank as well. Normally, the bias would be quite small in these types of studies, but in this study, the item bank itself had only 37 items. We suspect that, as in other studies, a CAT of 10-15 items would be necessary to replicate scores from a much larger item bank than was used in this study. We also found that the 10-and 15-item CAT versions had only slightly decreased discriminatory power as compared to the full set of items to differentiate across CP gross motor severity levels and across types of CP. The discrimination lost appreciable accuracy in the 5-item CATs (see Table 6 ).
Discussion
The assessment of general physical health, including components of pain and fatigue, are key components of an overall health and functional evaluation for children with CP [41, 42] undergoing surgical or other interventions. The results of this study suggest that a global physical health scale with three generated person scores might provide a uniform assessment approach for children with CP across a wide age range and types and across multiple levels of severity. An advantage of the CAT format over more traditional fixed forms is that more content becomes available to a child in the new measure (17 fatigue items, 13 pain items) than in most quality of life measures that are limited to 3-5 items per scale.
The bi-factor model was useful in this study, as we combined similar, but apparently distinct, constructs of global physical health in one set of items. Based on the confirmatory factor analysis results, we found that this set of items had better fit with a bi-factor model than a more commonly used unidimensional model, and had better fit than a two-factor model. Even when non-pain and nonfatigue items were removed from the 2-factor solution, the bi-factor model with fixed slope still had better fit than the 2-factor model. In this situation, most of the items were correlated with the general factor and one of two content factors (pain and fatigue). For the pain items, the correlation was greater within the pain scale than the general factor, indicating the appropriateness of the bi-factor model. The potential advantage of using the bi-factor MIRT model was to not only generate general factor scores, but also to create sub-scores on the two content domains. Use of the bi-factor MIRT model has not been commonly addressed in health care applications, but can have immediate clinical appeal.
In our results to date, there may be considerable redundancy between the general factor score and the fatigue sub-score (r = 0.95). This is also evident in the patterns of score discrimination with levels of severity of CP and types of CP ( Figs. 1 and 2) . We have chosen to keep these two scores in the model, since the fatigue factor is assuming additional variance beyond that of the general factor, leading to better overall model fit (Table 3) . It is not surprising that general and content scores are correlated as information from the general scale is used partially for determination of the content scores.
We found the general factor and fatigue scores to discriminate among levels of gross motor severity as expected, with children with more severe types of CP who were non-ambulatory having more general health concerns. The general factor score could not discriminate between severity Levels II (walks with limitations) and III (walks using a hand-held mobility device). In contrast, the pain sub-factor scores discriminated between the children with the most severe CP (Levels IV: self-mobility with limitations, may use powered mobility; and Level V: transported in a manual wheelchair) and children at each of the other levels in which some type of ambulation occurred. We can speculate that greater pain in these children categorized in Levels IV and V may be due either to prolonged sitting positions, inability to weight shift and change position, or increased prevalence of orthopedic complications such as fractures and contractures.
The concurrent validity results help confirm the usefulness of the specific content sub-scores. We found a strong correlation with the PODCI pain sub-score (r = 0.71). Similarly, the pain and fatigue sub-scores on the PedsQL-CP showed good correspondence to the pain and fatigue sub-scores of the global health measure (Table 4) . These results suggests that the pain and fatigue subscale are useful indices to report in addition to the general factor score.
The results of the CAT simulations imply that 10-and 15-item versions yield reasonably accurate estimates of global physical health in children with CP. The 15-item CAT has excellent reproducibility with the full item bank. We note some decrement in accuracy in the five-item CAT, particularly with the pain and fatigue scores. We especially want to discourage the use of the 5-item CATs based upon the findings from this study since the results we have reported probably have a modest positive bias. These overall results are quite comparable to several other pediatric studies that have conducted simulations using real datasets, comparing responses to all items in the item bank to a CAT simulation of various lengths [23, [43] [44] [45] . Computer simulations are conducted under the assumption that answers to a subset of items selected using CAT would be identical to the answers given when the items were embedded in the full item parent report version. They also assume the item response model is correct and is the basis for item responses. On the other hand, a limitation of using a real data set for the simulation study is that it is difficult to know how the results will generalize to other situations and we assume that context does not impact on item responses [37] .
These preliminary data indicate that the 15-item CAT version has very good discrimination abilities, approaching the level of the full item bank. This discrimination ability is slightly diminished with the 10-item CAT, and is considerably reduced with the 5-item CAT. Apparently, these relationships become less consistent as the number of items used to estimate scores is reduced. Future studies on the responsiveness of this global health scale for children with CP are planned. If successful, CAT versions will be used to evaluate global health changes in children with CP after orthopedic surgeries and conservative interventions such as bracing, therapy, and spasticity management (medications and botulinum toxin or phenol injections) within the SHC system. There are a number of study limitations that we want to note. The sample size is somewhat marginal for sufficiently stable and reliable parameter estimates, especially with such rather complex models employing slope parameters and parameters for the general factor and content subfactors. We did try to minimize effects of the small sample size by fixing the slope of the bi-factor model to reduce the number of parameters that needed to be estimated. We also point out that the sample is somewhat nonrepresentative of children with CP, as more ambulatory children are represented in the sample than what is normally seen in the population. This was due, in part, to the emphasis of the gait laboratories within the SHC, and of the typical children with CP that are routinely part of their systems. At this stage of our calibration work, we have used the analysis of a real data set with its a priori unknown structure for estimates of how the CAT programs will work in practice. These simulation studies with real calibration data can provide overestimates of how CATs perform in prospective studies. And finally, as a first step, we chose to use parent ratings only; in the future, we would like to extend this work to offer a child-report version as well.
We believe that the results of this study suggest that a single instrument with a bi-factor MIRT model and its CAT applications can generate meaningful general factor and content domain sub-scores to assess the general physical health of children with CP. Although the bi-factor MIRT model may be conceptually appealing, it is a complex model and it will be some time before these applications will become routine. We submit that these data support the further development and testing of bi-factor models for future CAT development. For certain, we would like to see future studies carried out with larger sample sizes so that the model item parameters can be estimated with more precision.
• For this question, ''playing games and sports ' 
